Summary Twenty patients with hypercalcaemia due to malignancy, which persisted following rehydration, were treated with the bisphosphonate, aminohexane bisphosphonate (AHBP), which is structurally similar to pamidronate. The treatment given was a single infusion of 125 mg of AHBP in 500 ml of normal saline infused over 4 h. Serum and urine biochemistry were measured before and after treatment. Acute toxicity was evaluated with particular attention to gastrointestinal symptoms, acute-phase reaction and change in renal function, as judged by serum creatinine. The infusion of AHBP induced a rapid fall apparent by day 3 (P<0.001), with a nadir at day 7. The serum calcium remained lower at days 14 and 28 than at day 0, but the numbers followed up were low (n = 5 and n = 4). In all 20 patients there was a fall in serum calcium after treatment, and in 13 (65%) normocalcaemia was achieved. Failure to respond completely to AHBP appeared to be associated with a renal mechanism of hypercalcaemia. Treatment was associated with a significant decrease in fasting urinary calcium excretion (P<0.05). There was no change in white cell count or renal function following AHBP and only two cases of mild pyrexia after infusion. We conclude that aminohexane bisphosphonate is an effective agent in the treatment of tumour-induced hypercalcaemia, with rapid onset of effect and low toxicity.
Treatment of malignant hypercalcaemia with aminohexane bisphosphonate (neridronate) Summary Twenty patients with hypercalcaemia due to malignancy, which persisted following rehydration, were treated with the bisphosphonate, aminohexane bisphosphonate (AHBP), which is structurally similar to pamidronate. The treatment given was a single infusion of 125 mg of AHBP in 500 ml of normal saline infused over 4 h. Serum and urine biochemistry were measured before and after treatment. Acute toxicity was evaluated with particular attention to gastrointestinal symptoms, acute-phase reaction and change in renal function, as judged by serum creatinine. The infusion of AHBP induced a rapid fall apparent by day 3 (P<0.001), with a nadir at day 7. The serum calcium remained lower at days 14 and 28 than at day 0, but the numbers followed up were low (n = 5 and n = 4). In all 20 patients there was a fall in serum calcium after treatment, and in 13 (65%) normocalcaemia was achieved. Failure to respond completely to AHBP appeared to be associated with a renal mechanism of hypercalcaemia. Treatment was associated with a significant decrease in fasting urinary calcium excretion (P<0.05). There was no change in white cell count or renal function following AHBP and only two cases of mild pyrexia after infusion. We conclude that aminohexane bisphosphonate is an effective agent in the treatment of tumour-induced hypercalcaemia, with rapid onset of effect and low toxicity.
Hypercalcaemia is a common complication of malignancy, occurring both in patients with solid tumours, particularly carcinoma of the breast and bronchus, and in patients with haematological malignancy. The pathophysiology of the condition varies according to the primary tumour and the presence or absence of focal bone metastases, but in the majority of cases the predominant mechanism is one of increased bone resorption (Bonjour & Rizzoli, 1989) . Treatment strategies have therefore focused on the inhibition of bone resorption, and over the past decade the bisphosphonates, specific and potent inhibitors of osteoclastmediated bone resorption, have become the treatment of choice (Coleman & Rubens, 1987; Kanis et al., 1991) .
The bisphosphonates have in common the central P-C-P structure, but modifications of the side chains alter their biological characteristics, particularly their potency. There are currently three bisphosphonates available for the treatment of tumour-induced hypercalcaemia: 1-hydroxyethylidene-1,1-bisphosphonic acid (HEBP or etidronate), dichloromethylenebisphosphonic acid (Cl2MBP or clodronate) and 3-amino-ihydroxypropylidene-l ,1-bisphosphonic acid (AHPrBP or pamidronate). Pamidronate is the most potent, and research on other experimental compounds suggests that the amino derivatives are particularly active (Shinoda et al., 1983; Rizzoli et al., 1992) .
However, clinical studies have shown that pamidronate may be associated with a transient acute-phase response which can be manifested as pyrexia or leucopenia Morton et al., 1989) . In addition, there are reports of muscle rigors, general malaise, thrombophlebitis and hypocalcaemia, and with the oral formulation gastrointestinal side-effects are not uncommon (van Holten- Verzantvoort et al., 1987) .
In this pilot study we have examined the effect of 6-amino, Venous blood samples were taken at time of diagnosis of hypercalcaemia (day -2), on the day of treatment (day 0), and at days 3, 5 and 7 and, where possible, at days 14 and 28. Full blood count was measured on each of these occasions, and serum calcium, albumin, creatinine and alkaline phosphatase were measured by Technicon SMAC. Total serum calcium values were adjusted for fluctuations in albumin concentration. A 2 h fasting urine sample was taken at day 0 and at day 5 for the measurement of calcium and creatinine. Fasting calcium excretion was expressed as a molar ratio of creatinine excretion (upper limit of normal 0.30 mmol mmol-' creatinine), and was interpreted as a measure of bone resorption (Kanis et al., 1980) . Renal tubular reabsorption of calcium was estimated by use of a nomogram that plots serum calcium against calcium excretion (Percival et al., 1985) .
Temperature was recorded on each patient 6-hourly from the start of infusion for 3 days. Episodes of vomiting, diarrhoea, nausea and malaise were recorded by the nursing staff. Note was taken of radiotherapy or chemotherapy given within the 2 weeks prior to treatment or within 2 weeks following treatment.
Results are expressed as the mean ± standard error of the The two major mechanisms contributing to the development of tumour-induced hypercalcaemia are increased bone resorption and increased renal tubular reabsorption of calcium. Whereas the increased bone resorption responds to bisphosphonate therapy, the renal effect does not. In this group of patients the overall renal tubular reabsorption of calcium was 2.73 ± 0.14 mmol I' prior to treatment and fell to 2.61 ± 0.22 mmol 1`following AHBP, a non-significant change (upper limit of normal is 2.63 mmol 1`). Those patients who subsequently became normocalcaemic had a mean renal tubular reabsorption of 2.63 ± 0.16 mmol 1' before treatment, whereas the incomplete responders had evidence of increased renal tubular reabsorption of calcium with a pretreatment mean of 3.06 ± 0.32 mmol -'. Two patients (10%) experienced pyrexia (37.5°and 38°C) within 24 h of infusion, in the apparent absence of infection. In both the temperature returned to normal by the following day. Two patients complained of nausea within 2 days of treatment, but this was non-specific and could not be conclusively attributed to the bisphosphonate. In two patients loose bowel motions were noted on the day after infusion, which may have been a related adverse effect. A third patient had severe diarrhoea that lasted for 3 days, but the patient had recurrent hypercalcaemia 6 weeks later which was retreated with aminohexane bisphosphonate without any adverse effect, and it was considered that bowel symptoms were not bisphosphonate induced.
Discussion
This preliminary investigation demonstrates the calciumlowering effect of aminohexane bisphosphonate in the treatment of tumour-induced hypercalcaemia. In all patients treated there was a fall in serum calcium, and 65% of patients became normocalcaemic. As with the other bisphosphonates thus far tested, this calcium-lowering activity is mediated by inhibition of bone resorption, as judged by a significant reduction in the fasting urinary excretion of calcium (Coleman & Rubens, 1988; Bonjour & Rizzoli, 1989; O'Rourke et al., 1993) .
The dose chosen for this study was taken from our previous experience with this bisphosphonate in the treatment of Paget's disease of bone. We observed significant decreases in disease activity with intravenous treatments of 25 or 50 mg given daily for 5 days (Atkins et al., 1987) . In the only previous reported use of aminohexane in hypercalcaemia, eight patients received 25-50mg daily for 5 days, which resulted in a fall in mean serum calcium (Hamdy et Time (days) with clodronate in the treatment of hypercalcaemia suggests that the use of a single infusion with an equivalent total dose to that of the 5 day treatment may be equally effective in lowering serum calcium but is more rapid in onset of effect and is obviously more convenient to administer (O'Rourke et al., 1993) . For this reason we decided on single-infusion therapy and opted cautiously for the lower total dose of 125 mg. It is appropriate that future studies should investigate the effects of higher and lower doses to determine whether there is a dose-response relationship.
With the dose we used serum calcium fell to normal in 65% of the patients, although there was a fall in serum calcium in all patients. As with the single infusion of clodronate, the onset of effect was rapid with a significant decrease in serum calcium by day 3. The nadir was at day 7 and the effect appeared to be maintained to 28 days.
Studies using pamidronate report a variable success rate of between 66% and 90% (Ralston et al., 1988 since the response rate varies according to the mechanism of induction of hypercalcaemia (Thiebaud et at., 1990) . Whereas increased bone resorption is usually the major mechanism contributing to development and maintenance of tumour-induced hypercalcaemia, there is a substantial minority of patients in whom increased renal tubular reabsorption of calcium plays a significant role, probably related to the humoral secretion of PTHrP (Bonjour & Rizzoli, 1989) . This is particularly the case in patients with squamous cell carcinoma or transitional cell carcinoma. In such patients, bisphosphonate therapy will inhibit bone resorption but not renal tubular reabsorption of calcium, and so there is only an incomplete response of serum calcium to treatment (Thiebaud et al., 1990) .
In the present study we also observed incomplete responses to treatment which may have been due to the presence of increased renal tubular reabsorption of calcium. Of the seven patients who did not become normocalcaemic following treatment, three had squamous cell carcinoma, two had transitional cell carcinoma, one had non-Hodgkin's lymphoma and one had renal cell carcinoma. The mean renal tubular reabsorption of calcium was elevated in these patients prior to treatment, and only two of the seven had documented bone metastases, which supports the suggestion that humoral mechanisms had increased renal tubular reabsorption of calcium and that this was the predominant mechanism of hypercalcaemia in these patients. Moreover, the fasting urinary calcium, an index of bone resorption, was markedly increased before treatment in those patients who showed a complete response, but was much lower in those who did not respond completely. There was no difference in initial serum calcium or creatinine between the two groups, which suggests a predominantly renal mechanism of hypercalcaemia in the patients who did not achieve normocalcaemia after treatment. Unfortunately, complete urine results from before and after treatment were available on only one of the nonresponders.
With regard to acute toxicity, the dose and regimen of aminohexane bisphosphonate used in this study appeared to be less toxic than treatment with the other amino derivative, pamidronate. Hypocalcaemia did not occur and there were no reported episodes of malaise. Ten per cent of patients experienced a self-limiting mild pyrexia, with a further 10% suffering gastrointestinal symptoms. The observed fall in total white cell count after treatment was slight and not significant when those patients who had received concomitant cytotoxic chemotherapy were excluded. This compares favourably with the toxicity profile observed with the other amino bisphosphonates pamidronate and alendronate, both of which are normally associated with an acute-phase response (Mautalen et al., 1984; Adami et al., 1987) .
We conclude that aminohexane bisphosphonate is an effective treatment for tumour-induced hypercalcaemia due to increased bone resorption, at the dose tested. It appears to have fewer side-effects than its structural analogue pamidronate. Both the duration of response and the optimum dose are not known and need to be clarified by further investigation.
The AHBP used was kindly donated by Instituto Gentilli, Italy.
